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BACKGROUND:

During the period 19 October through 20 November 1994, High Area
Rate Reconnaissance (HARR) tests were conducted in the Gulf of
Mexico off Panama City, Florida using the Toroidal Volume Search
Sonar (TVSS) that is being developed at the Naval Surface Warfare
Center's Coastal Systems Station. The tests were conducted at two
sites (Fig. 1) in water depths of about 100 feet (shallow field) and
600 feet (deep field). Acoustic data collected by the TVSS at each
site was used as input to BOGGART (Bottom Grain Gas and Roughness
Technique), a model developed by the Applied Research Laboratory
at the University of Texas for predicting acoustic backscatter from
marine sediments (Boyle and Chotiros, 1996). Inverse modeling of
the backscatter data produces results consistent with differences
between the sediment physical properties and/or bottom roughness
(microtopography) at the two sites (Chotiros, 1997). The purpose of
this report is to document any differences in the sediment character
at these sites for use in evaluating the potential of the TVSS as a
bottom sediment classifier.

SITE CHARACTERIZATION DATA:

Bottom samples were not collected for site characterizations during
or after the tests. Perusal of the literature reveals, furthermore, that
no bottom samples have ever been taken within the bounds of either
site (Fig. 1). Adequate information does exist, however, regarding
regional trends that can be extrapolated to each site with reasonable
confidence. The information is mainly in the form of figures or
tables that summarize various sediment property measurements.

DATA INTERPRETATION:

A regional overview of the surficial sediments of the Mississippi,
Alabama, and Florida continental shelf (Fig. 2) shows that the
sediments at the shallow test site consists of at least 90% sand;
whereas, the sand content is much lower (less than 50%) at the
deeper test site. These general observations are substantiated by
bottom samples collected along transect (line) 10 in Figure 3 (note
that transect 10 nearly passes through the deep-water site). Figure
4 shows profiles of (A) water depth and (B) percent sand along
sampling line 10. Three points are noteworthy: (1) the sand content
decreases sharply at 300 feet (50 fm) from virtually 100% in shallow
water to about 20% at the deep water site, which is consistent with



the contours in Figure 2; (2) in general, the variations in sand content
are much smaller in the deep water areas (>50 fm) than in the
shallow water areas; (3) profile A in Figure 4 shows that small-scale
bottom roughness is associated with the continental shelf,
particularly the inner shelf, whereas the continental slope is
comparatively smooth. Side-scan sonar imagery (Fleischer, personal
communication) tends to support this observation.

A map of sediment distribution for the continental margin of the
Florida panhandle (Fig. 5) shows that the shallow site is located
within an extensive sand sheet (Cape San Blas Sand Facies) that
covers the open shelf out to about the 100 m contour. In contrast,
the deep site is situated on the continental slope in a marl/chalk
facies (West Florida Lime-Mud Facies) that consists largely of clay
minerals (mainly smectite) and fine grained carbonate material
(mostly coccoliths). Figure 6A shows, however, that the West Florida
lime-Mud Facies is bimodal. Modal mixtures at the centers of the
two modes in Figure 6A are; 4% terrigenous sand, 21% carbonate
sand, and 75% silt and clay (fine mode), and 10% terrigenous sand,
50% carbonate sand, and 40% silt and clay (coarse mode). The sands
in both modes consists principally of foraminifera tests.

Sediments within the Cape San Blas Sand Facies (Fig. 6B) are
predominantly terrestrial (quartz) sands, with carbonate sands
generally less than 25 percent (Doyle and Sparks, 1980). Coarse
sands and gravels consisting of 10-90% shell fragments also occur
within this facies. Ludwick (1964) notes that along sampling line 10
(Figs. 3 and 5) there are 29 occurrences of shell sands (>25% shell
material) over a distance of 13 miles.

Figure 7 shows that the median grain size for the West Florida Lime-
Mud Facies is 0.05 mm (4.25 phi), i.e., a coarse silt that is about 45%
sand and 55% silt/clay. This grain size distribution fits the coarse
modal mixture shown in Figure 6A. It is important to note, however,
that this distribution is based on only 4 samples and may not be an
accurate representation of the facies. Indeed, it will be shown later
that the fine modal mixture in Figure 6A is more representative of
the sediments at the deep site. The Cape San Blas Facies, on the
other hand, has virtually no fine fraction. The distribution of grains
(Fig. 7) ranges from very fine sand (0.1 mm or 3.25 phi) to coarse
sand (0.6 mm or 0.75 phi) with a median grain size of 0.17 mm (2.5
phi) or fine sand.




The area off Panama City, Florida was systematically sampled in
1972 by McLeroy. Figure 8 shows that stations 40 and 44 lie very
close to the TVSS test sites. Table Al shows, in turn, that the
sediments at station 44 (shallow site) consist of 93% sand-size
material, which is in agreement with the contours shown in Figure 2
and with profile B in Figure 4. The low values measured for void
ratio, porosity, and water content are consistent with the high sand
content. In contrast, the sediments at station 40 (deep site) consist
of only 21% sand (and 1% gravel); hence, a fine fraction of 78% (and
higher values for void ratio, porosity, and water content). A sand
content of 21% at the deep site is consist with profile B in Figure 4.
Moreover, 21% sand and 78% silt/clay is nearly identical with the
"fine" modal mixture in Figure 6A. Thus, the sediment distribution
indicated by Figures 6B and 7 (i.e., predominantly coarse grained) is
probably not indicative of the sediments at the deep test site.
Indeed, when viewed in a regional context (Fig. 9), it is apparent that
most of the area encompassed by the deep site falls within the
contour defining an area with at least 80% fine-grained sediment.
The shallow site, in contrast, falls well within the contour bounding
sediments with less than 6% fine-grained material.

Based on his measurements, McLeroy (1972) derived a relationship
between reflection loss and water content (Fig. 10). Chotiros (1997)
presents a similar relationship, but for porosity rather than water
content (Fig. 11A). In order to compare the two relationships, the
water contents in Figure 10 were converted to porosity estimates
using a grain density of 2.13 and the tables of Lambert and Bennett
(1972). The grain density (2.13) is an average value derived from all
the sediments samples listed in Table 1A with a fine fraction of 70%
or greater. Similarly, these same samples have an average porosity
of approximately 65%. This porosity corresponds to a reflection loss
of -20.5 dB in Figure 10, which compares favorably with -16.5 dB in
Fig. 11A.

There are uncertainties associated with Figure 10 that should be
noted: (1) It is assumed from his values (e.g., -10, -20, etc.) that
McLeroy means reflection loss and not reflection coefficient. Thus,
Figure 10 has been modified to read Reflection Loss; (2) based on his
values, it appears certain that McLeroy has the column headings
"bulk density" and "specific gravity" reversed in Table 1A. Accord-
ingly, the headings have been placed above the proper list of values
in Table 1A of this report; and (3) the two regression lines through
the data are visual estimates.



Chotiros (1997) also relates reflection loss to mean grain size (Fig.
11B). Assuming that the mean and median are roughly equivalent
parameters, a median grain size of 4.25 phi (from Figure 7) corres-
ponds to a reflection loss of 14 dB in Figure 11B. As noted, however,
the deep site is probably better represented by the fine modal
mixture in Figure 6A. This mixture is reasonably represented in
Hamilton et al. (1982; Table 1) by an average calcareous silty clay
consisting of 17% sand and 73% silt/clay. The mean grain size for
such a sediment is 7.89 phi which, in Figure 11B, results in a pre-
dicted reflection loss of -20.5 dB, i.e., exactly the same reflection loss
derived in Figure 10.

CONCLUSIONS:

Modeling of acoustic backscatter using the BOGGART scattering model
indicates that the bottom returns of TVSS signals are sensitive to
either seafloor microtopography, sediment physical properties, or
both. Inverse modeling of the backscatter data suggests differences
between the physical properties of the two sites. While neither
bottom roughness nor sediment properties measurements were
made at the sites to support this observation, site characterizations
based on published information confirm that the sediment para-
meters (e.g., grain size, porosity, water content, grain density) of the
two sites differ substantially in value. Predictions of reflection loss
versus porosity and mean grain size derived from BOGGART compare
well with similar results based on sediment and acoustic measure-
ments from the shelf and slope areas around the TVSS sites. These
results suggest that the TVSS may be an effective tool for rapid,
bottom sediment classification. However, the TVSS bottom classifier
concept should be tested over a wide range of seafloor materials and
scales of bottom roughness.
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FIGURES.

1. Bathymetric contour chart of the continental shelf and slope area
off the Florida panhandle. Locations of TVSS test site areas are
shown by boxes (contours are in fathoms).

2. Contours showing average percent sand in the surficial sediments
of the continental shelf and slope off the Florida panhandle. Crosses
(west of Cape San Blas) mark the locations of the TVSS test sites
shown in Figure 1 (from Doyle and Sparks, 1980). '

3. Transects along which bottom samples were collected and
reported on in Ludwick (1964). Crosses near transect (line) 10 mark
the locations of the TVSS test sites (from Ludwick, 1964).

4. Profiles showing variations in (A) water depth and (B) percent
sand along transect (line) 10 shown in Figure 3. The dots making up
profile B represent bottom dredge samples taken at quarter-mile
intervals. The vertical line marks the location of the deep-water site
on each profile (from Ludwick, 1964).

5. Sediment distribution map showing the predominant surficial

sediment type encountered along the sampling transects shown in
Figure 3. Crosses mark the locations of the TVSS test sites (from

Ludwick, 1964) .

6. Ternary diagrams showing the textural and compositional make-
up of the (A) Western Florida Lime-Mud Facies (deep TVSS test site)
and (B) Cape San Blas Sand Facies (shallow TVSS test site). The
contours represent the frequency distribution of the samples, i.e.,
approximately 95% of the samples fall within the interior, cross-
hatched area; whereas roughly 5% fall within the lined area (from
Ludwick, 1964).

7. Average cumulative grain-size distribution curves (from Ludwick,
1964) of the sediment types shown in Figure 5. The TVSS deep
water and shallow water test sites are represented by the Western
Florida Lime-Mud Facies curve (5B) and the Cape San Blas Sand
Facies curve ((6B), respectively (curves are indicated by *).

8. Numbered bottom sample locations on the continental shelf and
slope off the Florida panhandle. TVSS test sites areas are delineated
by the boxes (from McLeroy, 1972).



9. Contours of percent silt/clay (recontoured from McLeroy, 1972)
based on the analyses of sample taken at the locations shown in
Figure 8. TVSS test sites areas are delineated by the boxes (from
McLeroy, 1972).

10. Predicted reflection loss versus water content (from McLeroy,
1972). Estimates of porosity are given above the water contents (see
text for method used to derive the porosities). Figure has been
modified to read reflection loss rather than reflection coefficient (see
text for justification).

11. Predicted reflection loss versus (A) porosity, and (B) mean grain
size (from Chotiros, 1997).

TABLE

Al. Acoustic and sediment measurements for samples 40 and 41
(see Figure 8 for locations) which fall near the deep and shallow
TVSS test site areas, respectively (from McLeroy, 1972).



-— <o 1; S.. .
Frul mgecn 35n \ it e ' pee
P H N 12 ~Joi1 10j
- \ . .
[bH SCoSn ! BTSN

ohun L

# s Havens 12
(vt mn e .m:.'
IL

12

el hu'rﬂ
(S0 gmay 1]

Fan

g

o, =%
] Hnru' 110614 seyi
3

\.L \1 .‘u\
(Foro

Floating
seu buoys cu"l
See 1:80,

scale harbor
mainlained «

| W

\ dn"plm.cd coach cra—-— ey

\reep 195G) £ <24 '\\
Pt \

Loyt

Deep\ Field Locatiom
N o3 .
\ \

104 N AN

N
S
("\ 'cn T3 N -2
J N i -5 15 s i O N—"|E €
ae . \ -v3__— 2‘] 'O\ 17 X . I\~ S0
. —.«.‘u.-w -r-v,, \ 8
- \ N oS
e ST
€ omi\J& €
_—~="F1sn\Haven £
/"\ (.:u 17rrm 12 ims) \

AN\
==y Eee




8o°

]
MOBILE BAY . ..

PERCENT SAND
1974 - 1978

. CAPE SAN -

5LAS -

Fig. 2

30°

4



€ 814

0048

00,28

0068 Kol

oosz |-

os |-

000¢€
.

(0}

Qolg |-

o |=h

o
N
SN

/mv i

SV18 'NVS
A 34¥D

I T T
SWOHLVA NI HId3a

Avd mm:&«:x ,

|
op_oOf 0z ot

SIUN_ 3LNIVLS -

0062

0008
.

08

ooig
*

008




0
v
m
B oz
v 2
o — Oob
(0)]
2 M 09
o
Fd
m 08
=z
||*
00l
008

o)
O
0w

1

1334 NI
H1d3d ¥31wm
o ©
© O
LR

(MIN)
A3A3T v3S

7 *314

-—

-t

-

NN
;%E:% ,\gi%__

i

]

1

T

16 X = NOILVY399VX3 TTvIiLY3IA

vaiyod

q4LIS
Y4ILVM dd94d

N



0006

JEVIS
Voiy0 74

0082

(04

it
"

0o0¢
©

Hip

oose

Lo = N, gl 000¢
- A B == wawV 34 mwv
Y0 %g@ﬂ///l%// “/ M/JV%V/M ; \_\\\hﬁ ) .
R e § i
AN N
///M/,/o ///////V// N\ P
NS > > Bz
HOLVHMIL D : . 7 (W Z
o8 Avg 33H2L k¢ _w % I, < oe
(i i ' 1
o m  ¥3T180M | "
MpP 7/\. R i
Ob_0g 02 00 3B SACS | )
.m-“m.ﬂm.mu.:z 31NLVS $S3I10V4 GNVS SVI8 NVS 3dvD EEFEsd mﬁmmu V»w N : o)
398 S3I0V4 ONVS VIWVEVIV-1ddISSISSIN T vo[= 2 m‘. ™ | )
oo)e - S310vd ONW-3WIT VOIYOTA Nu3LSaIM [E55) B8] Co _\ i ~—100l€
S3IYOLNOWOYd TVLSVOO HO SANVIS! NN ’ s310v4 433wyaun JEE=PvSr F 3 \.e H SAV1D VL13008d
SIS VL1130 ¥3AIN 37180W EEER 8 4334 VIWVBY W-IddISSISSIN |5 vg g SOl | QYYNY30 ‘LS- 10040HI8
T3NS Y 1150430 v113004d quvN3a 1s B3 v 3% 5 3 _ SAVD AL'NS LNOY4-v1130
$31883d HiIM SONVS ACONW ESED 1150d30 ONVS ¥N3T3ONVHO GEER € 2f SN R ;8 NIIMLIE TYNOLLISNYHL
SAVIO ALTIS INO¥H-VIN30 272 LISOd30 ONVS ONVIS! ey a7 w ¥ 8 € NIIMLIE TYNOILISNVHL
S1S LNOHd-v1i130 EZER) YIIYUYE VIVEY TV-1ddISSISSIN ¢ A\ B V9 © v N33M.L38 TWNOILLISNVHL
ot |- SAVTO 3d07S IVININILNOO ¥3ddn [EZE] 11S0d30 AvE B GNNOS NV | o 69 9 85 N33M138 IWNOILISNVHL -1 o¢
NOTLVNVidX3 A - 1 S3INOZ NOTLISNVEL
J L ] ] | | ] [ il J ]
oop8 0% 0058 0f 0098 08 00,28 o€ 0088 Of 00,68 ot 00,06




{%) AON3NO3YJ IALLYINKND

L *814
(ozTs uread uerpow) Tyd ¢z°'4y

M. W NI 3Z1S NIVHO
FUAL) » s >}

- L -t ONVS Pttt $3INNYHY =
100° | 10° Y r ol
° A 1 1 1 11 1 I} 1
o1 4
oz
$371dHYS 6
0f A {¥)1150430 ONW V11300ud S31aMYS +2
OYVNY3I8 1S 3538
t'vg) $310v4 4334Y3LNI @ J33
or VWVBYIV ~ IdJISEISEIN
S3VdNYS 2L v ssis
1) 1150430
05 +=— AYE 8 ONNOS
09 +
$37dNVS ¥
186 S31OV2 ONW-INI
0L 4 u¢ VOIOTd NUILSIM
‘
$37dNWVS 86
08 $37dNYS 1§ JSONVS 113HS,
fve) §310vy FIFTVUIINT © 4334 §319v4 ONVS SV1I8 NVS 3dVvd
VAVBVIV-1d3ISSISSIN 1150430 GNVS NY31SV3
06 - | : _
SIVNYS 842
tve) S31Ivi ONVS \\ §31dWVS 22 $37dNVS 16
00! VAVAVIV-1ddISSISSIN (211150430 ONVS ONVIS) ¥3I3uvE (89) $310v4 ONVS SV1I8 NVS muqo&m
ONVS NB3I1SV3 VAVBVIV-1ddi i 1150430 ONVS Nu31SV3

m 9 *314
S3dNVS 68!

S310v4 ONVS
Sv18 NvS 3dvD

GNVS ONVS
31UNOBYHVD SNON391HY3L

e

AVID + 1L1S

41IS MOTIVHS

A4

S3dNWVS v6
S310vd ONW-3WIN
vaI1401d NY3LS3IM

GONVS ONVS
ALVNOBYHYD SNON3OIHYIL

AVI0 + LS

HLIS d34dd







6 814

v #0 g
. /Ih....

" SWOHLA 01

e

0

P g et

I.OM

TN
...Qv? R




Reflection Loss (db)

~10

=20 -
f
!
!
=30 |
|
l
|
|
!
|
46 56 63 1| 68 est. porosity
1 ! ¥ i 65 ! 1
0 20 40 60 80 100 120

Water Content (Percent).

Fig. 10




REFLECTION LOSS - dB

REFLECTION LOSS - dB

SEDIMENT CLASSIFICATION MODEL:
BOGGART v.3

[
|
{
1
|
l
I
i
[
{
AN

1] ] 1

0 0.2 0.4 06% 08
POROSITY
|
|
|
——————————— l—————-—-———
|
: |
|
! |
| |
| {
; ! : - |
0 o 4\4.25 6 7-89 g 10

MEAN GRAIN SIZE - phi

Fig. 11



S 9T %90 € €6 S 6T (3] st LA ¢ 85T € /13
S 9t %0 1 56 Y {r 1] 89 w1 €St 91 69
Y ST 29°0 £19 48 1 T ;19 z9 €6°1 s9°T 81 89
L 119 %770 6 6 T 11 6t €9 16°1 [A 94 114 {9
< 9T ¥9*0 T <6 € [14 9y 06 98°1 09°2 oY 99
- - - a8 79 1 X114 0s°1 T 06 s9
€= ¢4 14} T [ X4 "W [4:] 99 €61 9°1 £€°T 00T 9
€ 19 ot 8¢ 09 o7t -1 9T 117 €9
€ 81 €0 T 69 62 k4 15 801 (438 | (4 %4 1t (4]
Y 119 90 :19 08 T {a (114 <9 98°1 1%°7 114 19
v (19 %0 1T L8 1 ot 19 79 66°1 9s°T 81 09
v 19 0 T 96 k4 114 <€ 19 L6°1 [A A 1 (11 ’
- - - - - - - - - - 8s
€ 119 190 92 14 z ot [ 123 68°1 €T 9T [13
Y $6 1 - 8t t9 86°1 (A4 oz 9 .
62°0 6€ 8¢ € 413 11 u LA et 114 119
0 114 9t°0 1 (4 11 T9 19 "’ 09°'T [4 2 / 113 : 43
T- oz Yo 1 sy %S 08 19 L (13 1T°T 0L €S
€= 1z o € 62 L9 €6 89 80z €91 L 1A% (114 (43
9~ 4 o 1 147 89 1189 9 (414 €S°T 61°7 00T 1s
- T 1t°o T 8T 18 66 69 ' (241 89°1 (1[04 09 oS
ki 9T 9€°0 4 119 £y 112 14 (1] €6°1 0s°2 1t 6%
11 8y % .- - - - - St 8y
T ST 8€°0 <8 119 0 oYy (3 14 .oott 1€°z (114 LY
- - - - - - - - - 9
- - - - - - - - - 11
[4 118 ¥%7°0 L €6 ¢ 92 €C €S e 90°T (114 »w -
T [19 9€°0 oS 6% T 144 114 6 Y1 t2AN4 |:14 [
62°0 0 98 ” 1$ 111 LZ4 991 €9 (1] 14
s- w 1z°0 0 1z 6L 901 4% ot [A30 S 9zt L3 1
[ s F44 T2°0 T T -3 66 99 L61 et 00°T 007 0y —
- - - - - - - - - - - - 6¢
9- I £ 17 A] 1 8T 18 €6 €9 Ty (A § €8°1 08 8t
- 1T 0 [} 2 173 06 Y9 Tot [A 90 § %'t 19 Le
1 61 61°0 Y :14 6%’ €S 9 (241 $9°1 1%°T ()] 9¢
I-1+4d (5eem {  THeI97II900 (€3] @) ) (X) [§3) [63] (55/¥)  #pitos jo  (¥wowavj)  Toyavag
jox ‘qp) uogIVIT I uwotIDWIZ uogIdexq uoy3IdNII us3uo) K3ysozo0g ojawy A3ysueq Ayyaman yadeg
q3Bue 1eavay pues sugg asivy PTOA 1INg 273300dg Je3ey
oyagz . eSr1eay

(s 30 ¢z *%eq)
SINTWAYNSYAN INIWIQES ANV DILSNO0DV

TV J14VL



